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BACKGROUND: Early prehospital recognition of critical conditions such as ST- segment–elevation myocardial infarction (STEMI) 
has prognostic relevance. Current international electrocardiographic STEMI thresholds are predominantly based on individu-
als of Western European descent. However, because of ethnic electrocardiographic variability both in health and disease, 
there is a need to reevaluate diagnostic ST- segment elevation thresholds for different populations. We hypothesized that fulfill-
ment of ST- segment elevation thresholds of STEMI criteria (STE- ECGs) in apparently healthy individuals is ethnicity dependent.
METHODS AND RESULTS: HELIUS (Healthy Life in an Urban Setting) is a multiethnic cohort study including 10 783 apparently 
healthy subjects of 6 different ethnicities (African Surinamese, Dutch, Ghanaian, Moroccan, South Asian Surinamese, and 
Turkish). Prevalence of STE- ECGs across ethnicities, sexes, and age groups was assessed with respect to the 2 international 
STEMI thresholds: sex and age specific versus sex specific. Mean prevalence of STE- ECGs was 2.8% to 3.4% (age/sex- 
specific and sex- specific thresholds, respectively), although with large ethnicity- dependent variability. Prevalences in Western 
European Dutch were 2.3% to 3.0%, but excessively higher in young (<40 years) Ghanaian males (21.7%–27.5%) and lowest 
in older (≥40 years) Turkish females (0.0%). Ethnicity (sub- Saharan African origin) and other variables (eg, younger age, male 
sex, high QRS voltages, or anterolateral early repolarization pattern) were positively associated with STE- ECG occurrence, 
resulting in subgroups with >45% STE- ECGs.
CONCLUSIONS: The accuracy of diagnostic tests partly relies on background prevalence in healthy individuals. In apparently 
healthy subjects, there is a highly variable ethnicity- dependent prevalence of ECGs with ST- segment elevations exceeding 
STEMI thresholds. This has potential consequences for STEMI evaluations in individuals who are not of Western European 
descent, putatively resulting in adverse outcomes with both over- and underdiagnosis of STEMI.
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The prehospital triage of patients with acute chest pain remains a clinical challenge requiring rapid and accurate determination of ischemic versus 
nonischemic pathology.1,2 Since the introduction of 
thrombolysis, possible detrimental effects of inaccu-
rate diagnoses have been documented.3 Thresholds 
in ST- segment shifts, formerly proposed to identify el-
igible thrombolysis candidates, differed between pre-
cordial and extremity leads because of higher nonzero 
precordial J- point amplitudes in healthy individuals.4 
This concept was expanded by investigations of dif-
ferences between sexes5–7 and between age groups, 
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where young healthy males were found to have highest 
ST- segment amplitudes.6–8 These findings prompted 
refinement of the ST- segment–elevation myocar-
dial infarction (STEMI) thresholds,9 with sex- specific 
and later both age- and sex- specific thresholds,10 re-
spectively, adapted in the US (American College of 
Cardiology Foundation/American Heart Association)1 
and European (European Society of Cardiology)2 
guidelines.
However, normal ECG values are not only sex and 
age dependent, but differences between ethnicities 
have also been well established.6,11–13 For instance, 
individuals of African descent are known to have 
higher preexistent J- point/ST- segment amplitudes 
compared with individuals of Western European de-
scent (who may have migrated to North America).12–14 
STEMI evaluations in individuals who are not of 
Western European descent may thus be less accu-
rate. Indeed, depending on the ethnic origin of the 
investigated individuals, there appear to be more 
false- positive or more false- negative referrals for ur-
gent coronary interventions.15,16 With the increasing 
diversity of populations worldwide, there is thus a 
growing need to reevaluate thresholds for health and 
disease, such as STEMI, with a focus on ethnicity, 
as this may impact recognition, treatment, and out-
come. Urgent coronary catheterization should pref-
erably be limited to patients with a high suspicion 
of acute myocardial ischemia. Also, in more remote, 
often non- Western areas, hazardous unnecessary 
prehospital thrombolysis should be prevented.3,17 
While capabilities for urgent coronary interventions 
in areas with populations who are not predominantly 
of Western European descent are increasing, many 
Western metropolitan areas are becoming increas-
ingly multiethnic. This increases the chances of refer-
rals for urgent coronary interventions of patients who 
are not of Western European descent, which first de-
mands knowledge of background ethnic variability.
To determine background variability across eth-
nicities in ECGs exceeding ST- segment elevation 
thresholds of the STEMI criteria (STE- ECGs), we 
studied the performance of non–ethnicity- specific 
STEMI thresholds1,2 by investigating prevalences of 
STE- ECGs in the apparently healthy multiethnic pop-
ulation from the HELIUS (Healthy Life in an Urban 
Setting) study.
METHODS
The data, analytic methods, and study materials can 
be made available to other researchers for purposes 
of reproducing the results or replicating the procedure, 
after completion of a research proposal to the authors 
and the HELIUS scientific coordinator, including a data 
use agreement, and only after approval by the HELIUS 
executive board.
Study Design, Setting, and Participants
HELIUS is a multiethnic cohort study including in-
habitants of the metropolitan area of Amsterdam, the 
Netherlands,18,19 with an approximately equal represen-
tation of the largest migrant groups in Europe from out-
side the European Union next to the indigenous Western 
European Dutch population. HELIUS’s general aim is to 
assess differences in disease prevalence across eth-
nic groups, unravel their causes, and ultimately enable 
improvement of health care and prevention strategies. 
CLINICAL PERSPECTIVE
What Is New?
• In a multiethnic population cohort including 
10 783 diligently selected apparently healthy in-
dividuals, we show that there is a highly variable 
ethnicity-dependent (and sex-dependent) prev-
alence of ECGs with ST-segment–elevations 
exceeding international ST-segment–elevation 
myocardial infarction thresholds (ranging from 
0% to 45% in certain subgroups).
What Are the Clinical Implications?
• This result implicates that current international 
ST-segment–elevation myocardial infarction 
thresholds (predominantly based on popula-
tions of Western European descent) are to 
be used cautiously in patients who are not of 
Western European descent, as clinically relevant 
over- and underdiagnosis of acute coronary 
syndromes eligible for acute revascularization 
could occur.
• In addition, increased awareness of ethnic vari-
ability and sex differences in health and disease 
is sincerely advised in future studies, in regis-
tries, and in international threshold definitions.
Nonstandard Abbreviations and Acronyms
ACS  acute coronary syndrome
ERP  early repolarization pattern
HELIUS  Healthy Life in an Urban Setting
LVH  left ventricular hypertrophy
OR  odds ratio
QTc  QT interval corrected for heart rate
STE-ECG  ECG that fulfills thresholds for STEMI
STEMI   ST-segment–elevation myocardial 
infarction
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Initial inclusion consisted of nearly 25 000 participants 
mainly of 6 different ethnic origins (African Surinamese, 
Dutch, Ghanaian, Moroccan, South Asian Surinamese, 
and Turkish; see Figure S1 for the migration history of 
these ethnicities). Baseline investigations used for this 
specific study were electively performed in ambulatory 
subjects and included questionnaires, physical ex-
aminations, an ECG, and blood sampling. The study 
was approved by our Medical Ethics Committee be-
fore data collection, and all participants provided writ-
ten informed consent. A more detailed description of 
HELIUS was published previously.18,19
Clinical Diagnoses
To identify apparently healthy subjects for the current 
study, medical history was retrieved from the ques-
tionnaires combined with physical examination and 
blood test results. Arterial disease was defined by self- 
reported stroke; transient ischemic attack; myocardial 
infarction; (coronary) bypass surgery or percutaneous 
intervention; or use of antithrombotics, anticoagulation 
therapy, or nitrates. Subjects were labeled hyperten-
sive when they reported a history of hypertension, used 
antihypertensive medication, or had current hyperten-
sion defined as systolic blood pressure ≥140 mm Hg 
or diastolic blood pressure ≥90 mm Hg (World Health 
Organization criteria), each based on a mean of 2 
measurements. Antihypertensive agents can also be 
used for other conditions, which were therefore also ex-
cluded. Diabetes mellitus was based on self- reported 
diagnosis, fasting glucose (≥7  mmol/L), hemoglobin 
A1c (≥48  mmol/mol), or the use of glucose- lowering 
medication. Chronic kidney disease was defined as 
Chronic Kidney Disease Epidemiology Collaboration 
stage ≥3 (estimated glomerular filtration rate <60 mL/
min per 1.73 m2) or a Kidney Disease Improving Global 
Outcomes albumin- to- creatinine ratio ≥3  mg/mmol. 
Possible ECG- modifying medications were determined 
as self- reported use of any antiarrhythmic Vaughan- 
Williams classification medication plus digoxin or the 
daily use of a psychotropic medication.
ECG Processing and Analysis
General
Standard 12- lead supine digital resting ECGs were 
recorded (GE MAC5500, 500 samples/sec) and pro-
cessed with the Modular ECG Analysis System pro-
gram,20 which determines common P- wave, QRS, 
and T- wave onsets and offsets for all 12 leads together 
on 1 representative averaged beat. All on- and offsets 
were manually checked and adjusted when neces-
sary. The QRS offset/J- point was positioned after a 
potential end- QRS notch/slur. Various ECG variables 
were subsequently computed, including heart rate, 
QRS interval, QTc (Bazett), QRS complex amplitudes, 
and J- point amplitudes. Additionally, the ST/J- point 
vector21,22 was computed after synthesizing vector-
cardiographic leads from the 12- lead ECGs.
Additionally, early repolarization pattern (ERP) was 
fully automatically assessed by the University of Glasgow 
ECG core laboratory and defined as follows: end- QRS 
notching or slurring (irrespective of ST- segment eleva-
tion) in at least 2 contiguous leads (lateral ERP [aVL, I], 
inferior ERP [II, aVF, III], anterolateral ERP [V4- V6]) with J 
peak or end QRS slur onset ≥0.1 mV.23,24 High QRS volt-
ages were initially identified using the European Society 
of Cardiology hypertension guideline for electrocardio-
graphic criteria of left ventricular hypertrophy (LVH).25 
Because these criteria resulted in an excessively high 
prevalence in our normotensive subjects indicative of 
low specificity (Table S1), we defined high QRS voltages 
with broadly used composite LVH ECG criteria.26
Three methods were used to evaluate each ECG: 
Minnesota coding,27 the GE Marquette 12SL report, 
and assessment by a cardiologist. ECG abnormali-
ties, used for the exclusion process (see “Exclusion 
Criteria”), were assessed using these 3 methods. In 
case of discrepancies among the 3 methods, recom-
mendations of international expert groups10,28 were 
used for final diagnoses. Using the Modular ECG 
Analysis System measurements, diagnoses were fur-
ther verified (eg, an assigned complete right bundle 
branch block required a measured QRS duration of 
≥120 ms). QTc was scored following the description of 
Viskin (very long/long/normal/short/very short).29 Low 
QRS voltages were defined as peak- to- peak QRS am-
plitudes of <0.5 mV in all limb leads or <1.0 mV in all 
precordial leads.
Criteria Used to Recognize STE- ECGs
Since the American College of Cardiology Foundation/
American Heart Association and European Society of 
Cardiology STEMI thresholds slightly differ, ECGs were 
classified twice by applying 2 sets of thresholds on the 
J- point amplitudes2,10:
1. Sex-specific STEMI thresholds: 2013 American 
College of Cardiology Foundation/American Heart 
Association STEMI guidelines1 (lead V2-V3 ≥0.2 mV 
[men], ≥0.15 mV [women], other leads ≥0.1 mV).
2. Age- and sex-specific STEMI thresholds: 2017 
European Society of Cardiology STEMI guidelines2 
(lead V2-V3 ≥0.25 mV [men <40 years], ≥0.20 mV [men 
≥40 years], ≥0.15 mV [women], other leads ≥0.1 mV).
Exclusion Criteria
Subjects were excluded when questionnaires were 
incomplete or no ECG of sufficient quality was re-
corded. To allow statistically meaningful analyses, 
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only ethnicities with a sufficient number of subjects 
were included, resulting in subgroups of African 
Surinamese (South American with African roots), 
Dutch (Western Europe), Ghanaian (Western Africa), 
Moroccan (Northern Africa), South Asian Surinamese 
(South Asia), and Turkish (Middle East) ethnic origin 
(Figure S1). Figure  1 depicts the exclusion process 
for establishing an apparently healthy population 
based on clinical diagnoses, medication, and ECG 
characteristics.
Statistical Analysis
The prevalence and corresponding Wilson score 95% 
CIs of STE- ECGs were computed using sex- specific 
and age- and sex- specific STEMI thresholds. For initial 
analyses, the prevalence of STE- ECGs was computed 
in the total HELIUS population still including subjects 
with comorbidities (presented in Table S2). For fur-
ther statistical analyses, only apparently healthy sub-
jects were investigated, using age- and sex- specific 
thresholds.
Because differences in the magnitude of measured 
ST- segment elevation on a 12- lead ECG could possi-
bly be attributable to different 3- dimensional (ie, spa-
tial) orientation of the ST vector as measured at the 
J- point, we evaluated the ST vector from the synthe-
sized vectorcardiographic ECGs. Possible differences 
between ethnicities in spatial orientation of the largest 
ST- segment elevation were subsequently explored by 
plotting interquartile ranges of ST vectors on the cordi-
form Stab- Werner projection.30 The distribution of eth-
nicity- and sex- based subgroups within the STE- ECGs 
was depicted after correction for the study popula-
tion distribution regarding ethnicity, sex and the 2 age 
groups (</≥40 years).
Figure 1. Inclusion and exclusion flowchart.
†ECG abnormalities: overt tachycardia (>110/min), supraventricular 
arrhythmia, second- or third- degree atrioventricular block, left, right, 
extreme or indeterminate axis, pathological Q- waves or high R- waves 
V1/V2, low QRS voltages, T- wave abnormalities, very long or very short 
QTc, suspicion of cardiomyopathy or other overt ECG abnormalities 
(eg, dextrocardia).
not
included
not
included
not
included
HELIUS
baseline inclusion
N = 24,789
n = 21,240
* categories may overlap
quality ECG: 384
ethnic groups
of small size 541
n = 21,781
incomplete 
examination: 2,634
n = 22,165
n = 20,789
n = 16,610
Study population
(apparently healthy)
N = 10,783
unreliable
J-point
pre-excitation:
ventricular rhythm/pacing:
44
392
15
cardiovascular
exclusion
1,448
2,071
1,353
arterial disease*:
ECG abnormalities*†:
ECG-modifying meds*:
comorbidity
exclusion
22
1,577
5,308
CKD*:
DM*:
hypertension*:
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Using logistic regression, associations between 
an STE- ECG pattern as the outcome parameter (yes/
no, using age- and sex- specific thresholds) and pre-
dictor variables influencing ST- segment elevation (ie, 
ethnicity, age, sex, high QRS voltages, ERP, QRS du-
ration and QTc) were tested (see Table S3). All single 
2- way interactions were tested while correcting for the 
other variables. Finally, multivariable logistic regres-
sion including all significant variables was performed 
to estimate associations’ effect sizes. The Bonferroni 
corrected significance threshold was 0.001. Statistical 
analyses were performed in R software version 3.4.4 
(R Foundation for Statistical Computing, Vienna, 
Austria).
RESULTS
Study Population Description
After exclusion, 10 783 apparently healthy subjects 
remained (Figure 1). Study population characteristics 
are detailed in Table and Figure S2. The median age 
was 38 (interquartile range, 20) and the male/female 
ratio was 4079/6704, while the 6 ethnic subgroups 
consisted of 870 to 2603 subjects. A description of 
exclusions stratified per ethnicity is provided (Table 
S4).
STE- ECG Prevalence
The STE- ECG prevalence in the total apparently 
healthy population was 3.43% (95% CI, 3.10%–
3.79%) using the sex- specific thresholds and slightly 
lower (2.76%; 95% CI, 2.47%–3.09%), when using 
both age- and sex- specific thresholds. The STE- ECG 
prevalence using age- and sex- specific thresholds 
was higher in men (6.15%; 95% CI, 5.46%–6.93%) 
than in women (0.70%; 95% CI, 0.53%–0.93%). 
Younger (<40  years) individuals had a higher STE- 
ECG prevalence (3.45%; 95% CI, 3.01%–3.95%) 
compared with older subjects (≥40  years) (1.98%; 
95% CI, 1.63%–2.40%).
Additionally, evident ethnic differences in STE- ECG 
prevalence were observed (Figure 2, Table S5). While 
prevalences were relatively low in Dutch Western 
European subjects, prevalences were highest in 
Ghanaian and lowest in Turkish subjects. Ghanaian 
men aged <40 had the highest STE- ECG prevalence 
(21.7%–27.5%), while none of the Turkish women 
aged ≥40 had an STE- ECG. Within the STE- ECGs, 
correction for study population distributions (eg, 
men/women) further elaborates this ethnic variability 
(Figure 3).
Factors Contributing to STE- ECGs
J- Point Amplitudes and ST- Segment Elevation 
Location
The J- point amplitudes of all 12 ECG leads with corre-
sponding STEMI thresholds are depicted in Figure 4A. 
The most prevalent leads exceeding STEMI thresh-
olds were V4–V5 (Table S6). In 89% of all STE- ECGs, 
an above- threshold V4  J- point amplitude was pre-
sent. Highest V4 medians were documented in African 
Surinamese and Ghanaian men aged <40  years, re-
spectively, just above (109 μV) and slightly under (95 μV) 
the STEMI threshold (Figure S3). To further investigate 
the location of the largest ST- segment elevation per 
patient, the spatial orientations of the ST/J- point vec-
tors were 2- fold plotted in the cordiform Stab- Werner 
projection30 (Figure 4B and 4C). No clear difference in 
spatial ST vector distribution could be visually observed 
between ethnicities, pointing to the magnitude and not 
the location of the ST- segment elevation as an expla-
nation for STE- ECG prevalence differences among 
ethnicities.
Associated Variables
All tested variables (ethnicity, age, sex, high QRS volt-
ages, ERP, QRS duration, and QTc) were statistically 
significantly associated with the occurrence of an 
STE- ECG, using the age- and sex- specific thresholds 
(Table S3). None of the 2- way interactions was statis-
tically significant. African Surinamese and Ghanaian 
ethnicity had the highest significant odds ratio (OR) 
for the presence of an STE- ECG (4.49; 95% CI, 2.66–
7.57; and 5.71; 95% CI, 3.25–10.02), respectively. An 
anterolateral ERP was significantly associated with an 
STE- ECG, whether or not in combination with another 
ERP location, with ORs of 3.16 (95% CI, 2.11–4.72) 
and 4.06 (95% CI, 2.85–5.80). The OR for the occur-
rence of an STE- ECG was 2.80 (95% CI, 2.08–3.76) 
for high QRS voltages and 4.06 (95% CI, 2.79–5.90) 
for male sex. Age and QTc were negatively associated 
with an STE- ECG (OR, 0.97; 95% CI, 0.96–0.98; and 
0.98; 95% CI, 0.97–0.99 per unit [year, millisecond]), 
respectively. QRS duration was positively associated 
Table. Characteristics of the Study Population
Apparently Healthy Population 
(N=10 783)
Age, y, median (quartile 1–3)
[min- max]
38 (28–48) [18–71]
Sex, male/female 4079/6704
Ethnicity, n (%)
African Surinamese 1660 (15)
Dutch 2603 (24)
Ghanaian 870 (8)
Moroccan 2384 (22)
South Asian Surinamese 1318 (12)
Turkish 1948 (18)
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with an STE- ECG (OR, 1.06; 95% CI, 1.05–1.08 per 
millisecond).
DISCUSSION
Prevalence of ECGs Exceeding STEMI 
Thresholds
The 12- lead ECG still represents a cornerstone in the 
accurate prehospital (and also in- hospital) emergency 
triage of patients with symptoms possibly or prob-
ably attributable to acute myocardial ischemia, which 
impacts resultant survival and morbidity.10 Diagnostic 
accuracy and error during these critical initial evalu-
ations follow from balancing ratios of correct versus 
false- positive and false- negative test results in history 
taking, physical examinations, and ECG interpreta-
tion. Additional investigations to rule in or rule out 
cardiac ischemia such as echocardiography or car-
diac biomarker assessment are often either unavail-
able (eg, prehospital) or too time consuming for initial 
decision making in a STEMI triage system selecting 
patients for direct thrombolysis or urgent coronary 
angiography.
It is already known that age and sex impact a 
STEMI classification,5–9 but reference values are pre-
dominantly derived from populations with a Western 
European descent. This has resulted in age- and sex- 
specific STEMI thresholds in international guidelines 
and consensus documents. However, current US 
guidelines1 have not yet incorporated the age- specific 
criteria suggested in the last universal definition of 
myocardial infarction,10 putatively resulting in more 
false- positive STEMI diagnoses. Currently, ethnicity 
is not incorporated in the guidelines.1,2,10 Our find-
ings, however, confirm that ethnicity is an important 
element to be considered, while there remain signif-
icant age- and sex- dependent differences despite 
age- and sex- specific thresholds. This is relevant in 
our era with increasing diversity of populations world-
wide, especially in areas with large multiethnic pop-
ulations (eg, metropolitan areas) and in parts of the 
world where riskful thrombolysis is administered more 
frequently. When current thresholds are used to eval-
uate health and disease, patients with acute chest 
pain who are not of Western European descent may 
thus be less accurately evaluated because of either a 
higher (eg, men from sub- Saharan African descent) 
Figure 2. STE- ECG prevalence stratified per ethnicity, sex, and age group.
Application of the 2 STEMI thresholds for the different ethnicity, sex, and age groups. ACCF/AHA sex- specific STEMI thresholds: lead 
V2 to V3 ≥0.2 mV [men], ≥0.15 mV [women], other leads ≥0.1 mV. ESC age- and sex- specific STEMI thresholds: lead V2- V3 ≥0.25 mV 
[men <40 y], ≥0.20 mV [women ≥40 y], ≥0.15 mV [women], other leads ≥0.1 mV. Note the increase in prevalence when using only sex- 
specific thresholds. Furthermore, note the higher prevalence with younger age, male sex (despite sex- specific thresholds), and in 
certain ethnicities. ACCF/AHA indicates American College of Cardiology Foundation/American Heart Association; ESC, European 
Society of Cardiology; STE- ECG, ECG that fulfills thresholds for STEMI; and STEMI, ST- segment–elevation myocardial infarction.
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or lower (eg, Turkish women) incidence of preexisting 
ST- segment elevation. This could putatively result in 
worse outcome.
Factors Contributing to STE- ECGs
J- Point Amplitudes and ST- Segment Elevation 
Location
Since no clear differences were observed in the loca-
tion of ST- segment elevation (Figure 4), classification of 
STE- ECGs across ethnicities, sex, and age is predomi-
nantly determined by the J- point amplitude magnitude. 
In this respect, lead V4 appears in our study to be the 
most vulnerable for exceeding STEMI thresholds. In 
earlier studies, anterolateral ST- segment elevation 
proved to cause most false- positive catheterization 
laboratory activations,16 which is currently mirrored in 
higher V2/V3 thresholds but not V4.
Sex, Age, and Ethnicity
Male sex and younger age are well known to be as-
sociated with higher J- point amplitudes,6–8 which is 
confirmed in this study. In contrast, female sex and 
older age indeed showed lower prevalences of noni-
schemic STE- ECGs. Notably, despite different STEMI 
thresholds according to age and sex categories, we 
still noted overt differences in STE- ECGs exceeding 
STEMI thresholds in our study (eg, up to 8- fold higher 
prevalence in young males compared with older fe-
males while applying age- and sex- specific thresh-
olds). The observed association of STE- ECGs and 
ethnic origin, especially sub- Saharan African origin, 
was not unexpected.12,14 However, the magnitude of 
this ethnic variability surpassed our prior understand-
ing of this phenomenon at both extremes of the spec-
trum. Ethnicity, especially in combination with age and 
sex, jeopardizes both current STEMI thresholds for 
false- positive (particularly in men from sub- Saharan 
African descent) and for false- negative (particularly in 
older women of Turkish origin) STEMI diagnoses when 
these individuals present with signs or symptoms of 
suggestive of acute coronary syndrome (ACS).
High QRS Voltage
LVH is a known confounder of ECG interpretation31,32 
and complicates triage,15,16 typically manifesting with 
high QRS voltages combined with pronounced ST 
elevation in right precordial leads and ST depression 
in lateral leads.33 In our study, we excluded individu-
als with known, treated, or measured hypertension. 
Additionally, typical electrocardiographic LVH does 
usually not affect the lead V4 ST segment, while STE- 
ECGs in this study are dominated by V4. Our STE- 
ECGs are therefore unlikely to result from actual LVH in 
Figure 3. Corrected distribution of ethnicity and sex within the STE- ECGs.
Distribution of ethnicity- and sex- based subgroups within the STE- ECGs plotted after correction for the study population distribution 
regarding ethnicity, sex, and the 2 age groups (cutoff 40 years). ACC/AHA sex- specific STEMI thresholds: lead V2- V3 ≥0.2 mV [men], 
≥0.15 mV [women], other leads ≥0.1 mV. ESC age- and sex- specific STEMI thresholds: lead V2- V3 ≥0.25 mV [men <40 y], ≥0.20 mV 
[men ≥40 y], ≥0.15 mV [women], other leads ≥0.1 mV. Note that subjects originating from Western Africa account for more than half 
(sex- specific or thresholds) or up to two thirds (age- and sex- specific thresholds) of all STE- ECGs. ACCF/AHA indicates American 
College of Cardiology Foundation/American Heart Association; ESC, European Society of Cardiology; STE- ECG, ECG that fulfills 
thresholds for STEMI; and STEMI, ST- segment–elevation myocardial infarction.
Ghanaian African Surinamese Moroccan Dutch South Asian Surinamese Turkish
A B
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Figure 4. J- point amplitudes and ST- segment elevation location.
A, The colored lines represent the current age- and sex- specific STEMI thresholds for each lead. Black 
stripes box: Q1, Q2, Q3, whiskers: Q1–1.5·interquartile range and Q3+1.5·interquartile range. Boxplots of 
the J- point amplitudes in the total apparently healthy population (N=10 783). Appreciate the amount of 
J- point amplitudes above the STEMI threshold in leads V2, V3, and V4. (B and C) general: The directions 
of the 3- dimentional ST vectors of all subjects are shown on a sphere in the 2- dimensional plane by 
cordiform Stab- Werner projections. Lead vector projections are marked with dashed lines. B, Density 
plot. Note the precordial orientation of most ST vectors. C, ST vector of all subjects in which the marker 
size represents the size of the ST vector. Interquartile ellipses of a combination of azimuth and elevation 
are stratified per ethnicity. Because the direction of small ST vectors is rather unreliable, small markers 
with a deviant direction should, in our opinion, not be seen as actual outliers. No evident ethnic difference 
in spatial ST vector distribution can be appreciated. Jp indicates J- point; STEMI, ST- segment–elevation 
myocardial infarction; and y, years old.
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this nonhypertensive population. Hence, ST- segment 
elevation reaching thresholds for STEMI in the absence 
of LVH are abundantly present in certain ethnicities, 
especially in younger males. This supports careful ST- 
segment elevation assessment in combination with 
high QRS voltages, even in the absence of typical 
strain patterns.34
QRS Duration and QTc
Associations between the occurrence of an STE- ECG, 
QRS duration prolongation and QTc shortening, might 
be explained by elevation of the J- point attributable to 
larger overlap between depolarization and repolariza-
tion vectors, as proposed earlier.14 Noteworthy, myo-
cardial ischemia can cause alterations in both QRS 
duration (peri- ischemic conduction slowing)35 and 
QTc, troubling such an assessment.36
Early Repolarization Pattern
Although both the pathophysiologic mechanism37 as 
well as the definition23 of the pattern called “early repo-
larization” are debated, ERP is known to hamper ST- 
segment elevation interpretation.38 As recommended 
by a 2015 consensus paper,23 we defined ERP as 
notching or slurring with or without accompanying 
ST- segment elevation. Clearly, including isolated ST- 
segment elevation as an ERP criterion would render 
statistical analysis with the occurrence of STE- ECGs 
futile. Interpreting ERP ECGs of patients with symptoms 
suggestive of STEMI remains challenging because 
notches and slurs can also result from ischemia.39 
Importantly, the occurrence of inferior ERP does not 
associate with STE- ECGs in this study, inhibiting the 
possibility to use inferior ERPs to exclude ACS.
CLINICAL IMPLICATIONS AND 
APPLICATIONS
Our study identifies multiple factors associated with 
the occurrence of a nonischemic or preexisting STE- 
ECG. The results of our logistic regression can mod-
ify the likelihood of an actual STEMI diagnosis by 
demonstrating the odds of a specific patient’s having 
an STE- ECG in nonischemic conditions. Automated 
ECG analysis systems have the opportunity to use 
additional checks to acknowledge ethnicity, high 
QRS voltages, or ERP, and so on, which could aid 
reporting. However, caution is advised since consid-
erable overlap exists among ethnicities, sexes, and 
age groups. Additionally, morphological features 
of nonischemic and ischemic STE- ECGs can be 
similar.31,32
Although a specificity on the order of 97.5% is acc-
ep table, our findings suggest value of ethnicity- specific 
modification of the current international STEMI thresh-
olds (based predominantly on values from apparently 
healthy individuals of Western European descent). 
Since we found a high (20%–30%) nonischemic 
STE- ECG prevalence in apparently healthy male sub-
jects originating from sub- Saharan Africa, and even 
higher (>45%) when certain ECG characteristics 
prevail (eg, high voltage), electrocardiographic myo-
cardial infarction diagnostics are rather complicated. 
An additional approach may be comparing the acute 
ECG to an earlier- made nonacute ECG of the same 
patient, revealing whether the ST- segment elevation 
is preexisting.21,22 While biomarkers and echocardi-
ography can assist in- hospital ACS triage (although 
time consuming), the ECG is currently the only pre-
hospital tool for ACS evaluation. Furthermore, the 
extremely low STE- ECG prevalence found predom-
inantly in females and particularly in certain eth-
nic subgroups, could result in an undesirable high 
yield of false- negative STEMI diagnoses. Since their 
baseline ST value is low, they have to develop more 
ST- segment elevation to exceed the thresholds. 
Possibly, lowering thresholds in certain female sub-
groups (particularly ethnicity- dependent) could im-
prove STEMI sensitivity and improve treatment and 
outcome. Whether there are additional ethinicity- 
dependent differences in the amount of ST- segment 
deviation during an ACS that may augment or de-
crease these ethnicity- dependent background dif-
ferences, is currently unknown.
STRENGTHS AND LIMITATIONS
Our study demonstrates differences in the ethnicity- 
dependent prevalence of ECGs exceeding STEMI 
thresholds in electively recorded ECGs in apparently 
healthy subjects. The scale of this study and the rep-
resentation of six distinct ethnicities originating from 
Western Africa, Northern Africa, Western Europe, the 
Middle East, and South Asia is not, to our knowledge, 
matched by earlier studies. Moreover, although ST- 
segment amplitudes in different ethnicities were studied 
before,12,14 a quantification of the problem of the exceed-
ing of STEMI thresholds in these specific ethnicities and 
also the correlation with other ECG variables, to our 
knowledge, has not been evaluated earlier. Additionally, 
this study was performed with high precision with re-
spect to ECG assessment and subject evaluations.
Because of the inclusion of a relatively young popu-
lation (Figure S2), the prevalence of STE- ECGs in sub-
jects aged >70 years was not investigated. However, 
the median age of the subjects included in this study 
(38  years) mirrors the age cutoff value of the STEMI 
threshold (40  years), which is valuable. Although this 
study represents ethnicities from different areas around 
the world, many ethnicities remain to be investigated. 
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For example, since Chinese do not form a substantial 
proportion of the Amsterdam population in HELIUS, 
no Chinese subjects were included. In previous stud-
ies, Chinese were found to have even higher J- point 
amplitudes than subjects of sub- Saharan African de-
scent,6,11–13 although that difference was not significant 
in our “culprit” lead V4.12
Despite our substantial efforts to exclude subjects 
with possible or current cardiovascular disease, pos-
sible subclinical disease may exist among our appar-
ently healthy population, especially since this study 
does not include cardiac imaging results. This not-
withstanding, subjects with possible or current car-
diovascular disease are more likely to be evaluated 
for possible STEMI as compared with apparently 
healthy individuals. Because thresholds for health 
and disease are predominantly based on data from 
apparently healthy individuals, this could introduce 
bias during ECG evaluations for STEMI, although in 
subjects with possible or current cardiovascular dis-
ease, their previous medical history will have a larger 
effect size on decision making compared with ap-
parently healthy subjects. From Table S2, it can be 
appreciated that the prevalence of (outpatient) STE- 
ECGs actually decreases when also including pa-
tients with possible or current cardiovascular disease 
(which might also include an age effect).
Another important limitation is that our study does 
not include ACS cases. Therefore, the sensitivity of 
current STEMI thresholds remains unknown in these 
ethnicities. This is predominantly caused by the world-
wide ethical issues associated with routine registra-
tion of ethnic background. The establishment of acute 
chest pain databases for multiethnic research would 
facilitate evaluations of diagnostic accuracy of STEMI 
criteria. Defining ethnic background is a sensible 
matter; the identifier Caucasian, for example, covers 
many different backgrounds, from Northern Europe to 
the Mediterranean to a part of the Middle East, while 
similar differentiations can be made for (sub- Saharan) 
African and so on. This notwithstanding, our data are 
relevant only for healthcare professionals who work 
in an area with appreciable patient populations of in-
dividuals who are not of Western European descent. 
Finally, in accordance with the guidelines, we used 
ST- segment amplitude criteria in isolation, but the ST- 
segment morphology and other ECG features, such as 
reciprocal ST- segment depression, are also reviewed 
in clinical practice.
CONCLUSION
Although accurate identification of STEMI patients 
impacts on prognosis, current STEMI thresholds are 
not ethnicity specific, while background variation in 
ST- segment elevation is ethnicity dependent. We 
found a highly variable prevalence of ST- segment el-
evation ECGs exceeding STEMI thresholds in appar-
ently healthy individuals across ethnicities, sexes, and 
age groups. Putatively, when presenting with symp-
toms or signs possibly caused by acute myocardial 
ischemia, straightforward application of current inter-
national  ST- segment elevation thresholds could result 
in diagnostic error. Because of the high interindividual 
variability in preexisting J- point amplitudes, current 
guidelines should be used with caution in subjects of 
certain age, sex, and ethnicity and with specific ECG 
characteristics.
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Table S1. Prevalence of high QRS-voltage ECGs. 
Prevalence % 
(95% CI) 
Apparently healthy 
population 
N = 10,783 
 Ghanaian, 
males, <40 y 
n = 120 
Turkish, 
females, ≥40 y 
n = 417 
Original  Sokolow-Lyon 
index (A) 
4.49% 
(4.10%-4.88%) 
36.67% 
(28.04%-45.29%) 
0.48% 
(-0.18%-1.14%) 
Original Sokolow-Lyon 
index without V6 (B) 
4.45% 
(4.06%-4.84%) 
36.67% 
(28.04%-45.29%) 
0.48% 
(-0.18%-1.14%) 
Modified Sokolow-Lyon 
index (B) 
20.11% 
(19.36%-20.87%) 
82.50% 
(75.70%-89.30%) 
0.72% 
(-0.09%-01.53%) 
Cornell voltage (A) 
 
1.39% 
(1.17%-1.61%) 
1.67% 
(-0.62%-3.96%) 
0.48% 
(-0.18%-1.14%) 
Cornell voltage duration 
product (B) 
2.48% 
(2.18%-2.77%) 
4.17% 
(0.59%-7.74%) 
0.96% 
(0.02%-1.89%) 
R aVL (A,B) 
 
0.76% 
(0.60%-0.92%) 
2.50% 
(-0.29%-5.29%) 
0.48% 
(-0.18%-1.14%) 
ESC hypertension guideline 
2013: any of B 
21.83% 
(21.05%-22.61%) 
83.33% 
(76.67%-90.00%) 
2.16% 
(0.76%-3.55%) 
High QRS-voltage criteria 
used for this study: any of A 
6.33% 
(5.87%-6.79%) 
38.33% 
(29.63%-47.03%) 
1.44% 
(0.30%-2.58%) 
 
Prevalences of ECGs meeting one of the high QRS-voltage criteria in the apparently healthy 
population and the on age-, sex- and ethnicity based subgroups with respectively the highest and 
lowest prevalence of electrocardiographic LVH according to the criteria from the ESC hypertension 
guideline. Original Sokolow-Lyon index: S V1 + R V5/V6 >3.5mV; Original Sokolow-Lyon index 
without V6: S V1 + R V5 >3.5mV; Modified Sokolow-Lyon index: any precordial S + any precordial 
R >3.5mV. Cornell voltage: R aVL + S V3 >2.8mV (males), 2.0mV (females); Cornell voltage 
duration product: (R aVL + S V3 (females + 0.8mV)) · QRS-duration  >244mV·ms; R aVL >1.1mV. 
y=years old. 
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Table S2. STE-ECG prevalence in the larger HELIUS population. 
Prevalence % 
(95% CI) 
Apparently healthy 
population 
N=10,783 
Age: 38 (28-48)[18-71] 
Sex (M/F): 4,079/6,704 
CVD-free population 
 
N=16,610 
Age: 44 (32-53)[18-73] 
Sex (M/F): 6,643/9,967 
Total HELIUS cohort 
 
N=20,789 
Age: 45 (34-54)[18-73] 
Sex (M/F): 8,647/12,142 
Sex-specific 
STEMI thresholds 
3.43% 
(3.10%-3.79%) 
3.05% 
(2.80%-3.33%) 
2.95% 
(2.73%-3.19%) 
Age- and sex-specific 
STEMI thresholds 
2.76% 
(2.47%-3.09%) 
2.52% 
(2.29%-2.77%) 
2.46% 
(2.26%-2.68%) 
 
Prevalences of STE-ECGs in the larger HELIUS population next to the apparently healthy subjects 
additionally including subjects with hypertension, CKD and/or diabetes (CVD-free population) and 
the total HELIUS cohort additionally including subjects with cardiovascular disease (see Figure 1). 
CVD-free = without cardiovascular disease 
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Table S3. Logistic regression for the occurrence of a STE-ECG. 
  Odds ratio (95% CI) p-value 
Ethnicity: 
 Ghanaian 5.71 (3.25-10.02) <0.0001* 
African Surinamese 4.49   (2.66-7.57)          <0.0001* 
Dutch 2.18   (1.29-3.68)        0.0037       
Moroccan 2.12   (1.24-3.61)        0.0057 
South-Asian Surinamese 1.79   (0.97-3.30)        0.0619 
Turkish reference 
Sex: 
 Male 4.06   (2.79-5.90) <0.0001* 
Female reference 
Age: 
 Years 0.97   (0.96-0.98) <0.0001* 
High QRS-voltage: 
 High QRS-voltages 2.80   (2.08-3.76) <0.0001* 
No high QRS-voltages reference 
ERP: 
 Inferior and antero-lateral (n = 532) 4.06   (2.85-5.80) <0.0001* 
Antero-lateral (n = 478) 3.16   (2.11-4.72) <0.0001* 
Lateral (n = 304) 2.80   (1.49-5.26)        0.0014 
Lateral and antero-lateral (n = 65) 1.33   (0.44-4.00)        0.6089 
Lateral, inferior and antero-lateral 
(n = 7) 
0.00    (0.00-INF)        0.9791 
Inferior (n = 1,166) 1.08   (0.70-1.68)        0.7196 
Lateral and inferior (n = 3) 0.00    (0.00-INF)        0.9887 
No early repolarization pattern reference 
QRS-duration: 
 milliseconds, IQR: 14 ms 1.06   (1.05-1.08) <0.0001* 
QTc-interval (Bazett): 
 milliseconds, IQR: 28 ms 0.98   (0.97-0.99) <0.0001* 
 
The reference category for the categorical variables was the subgroup with the lowest prevalence of a 
STE-ECG (age- and sex-specific STEMI thresholds): Turkish ethnicity, female, no high QRS-
voltages, no ERP. 
* = significant with a significance level of 0.001; IQR = interquartile range. 
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Table S4. Exclusions stratified per ethnicity. 
 n (%) All Afr. 
Sur. 
Dutch 
 
Ghan. Moroc. S.-Asian 
Sur. 
Turkish 
Initial inclusion 
 
21,240 
(100%) 
4,060 
(19%) 
4,477 
(21%) 
2,309 
(11%) 
3,860 
(18%) 
2,981 
(14%) 
3,553 
(17%) 
Exclusion for STE-ECG analysis: 
 Pre-excitation 44 8 5 5 9 10 7 
 QRS ≥120ms 392 53 132 25 65 52 65 
 Ventricular rhythm/pacing 15 3 3 2 2 4 1 
None of above: 
 
20,789 
(100%) 
3,996 
(19%) 
4,337 
(21%) 
2,277 
(11%) 
3,784 
(18%) 
2,915 
(14%) 
3,480 
(17%) 
Cardiovascular exclusion: 
 Arterial disease* 1,448 310 239 126 152 346 275 
ECG abnormalities* 2,071 446 409 231 282 353 350 
ECG-mod. medication* 1,353 211 337 79 220 214 292 
None of above: 
 
16,610 
(100%) 
3,178 
(19%) 
3,479 
(21%) 
1,882 
(11%) 
3,202 
(19%) 
2,167 
(13%) 
2,702 
(16%) 
Comorbidity exclusion: 
 CKD* 22 7 1 1 3 6 4 
DM* 1,577 357 85 230 326 340 239 
Hypertension* 5,308 1,430 850 966 672 736 654 
None of above: 
 Apparently healthy population 
10,783 
(100%) 
1,660 
(15%) 
2,603 
(24%) 
870 
(8%) 
2,384 
(22%) 
1,318 
(12%) 
1,948 
(18%) 
 
S.-Asian Sur.=South-Asian Surinamese, Afr. Sur.=African Surinamese, Ghan.=Ghanaian, 
Moroc.=Moroccan, ECG-mod. med.=ECG-modulating medication, *=Categories may overlap. 
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Table S5. STE-ECG prevalence stratified per ethnicity, sex and age. 
Prevalence  
(95% CI) 
All Afr. 
Sur. 
Dutch 
 
Ghan. 
 
Moroc. 
 
S.-Asian 
Sur. 
Turkish 
All   2.76% 
(2.47%-
3.09%) 
N=10,783 
  4.76% 
(3.84%-
5.89%) 
n=1,660 
  2.31% 
(1.79%-
2.96%) 
n=2,603 
  7.01% 
(5.50%-
8.90%) 
n=870 
  2.18% 
(1.67%-
2.85%) 
n=2,384 
  1.90% 
(1.29%-
2.79%) 
n=1,318 
  1.08% 
(0.71%-
1.64%) 
n=1,948 
M 
 
  6.15% 
(5.46%-
6.93%) 
n=4,079 
11.11% 
(8.84%-
13.87%) 
n=603 
  4.66% 
(3.53%-
6.12%) 
n=1,030 
17.52% 
(13.48%-
22.46%) 
n=274 
  5.70% 
(4.30%-
7.52%) 
n=807 
  4.14% 
(2.77%-
6.13%) 
n=556 
  2.35% 
(1.51%-
3.64%) 
n=809 
F 
 
  0.70% 
(0.53%-
0.93%) 
n=6,704 
  1.14% 
(0.65%-
1.97%) 
n=1,057 
  0.76% 
(0.44%-
1.33%) 
n=1,573 
  2.18% 
(1.28%-
3.70%) 
n=596 
  0.38% 
(0.17%-
0.83%) 
n=1,577 
  0.26% 
(0.07%-
0.95%) 
n=762 
  0.18% 
(0.05%-
0.64%) 
n=1,139 
<40y 
 
  3.45% 
(3.01%-
3.95%) 
n=5,776 
  6.36% 
(4.82%-
8.35%) 
n=739 
  3.64% 
(2.72%-
4.85%) 
n=1,209 
  8.01% 
(5.81%-
10.94%) 
n=437 
  2.56% 
(1.87%-
3.49%) 
n=1487 
  2.38% 
(1.49%-
3.79%) 
n=713 
  1.51% 
(0.96%-
2.38%) 
n=1,191 
≥40y 
 
  1.98% 
(1.63%-
2.40%) 
n=5,007 
  3.47% 
(2.47%-
4.86%) 
n=921 
  1.15% 
(0.71%-
1.86%) 
n=1,394 
  6.00% 
(4.13%-
8.65%) 
n=433 
  1.56% 
(0.93%-
2.60%) 
n=897 
  1.32% 
(0.67%-
2.59%) 
n=605 
  0.40% 
(0.13%-
1.16%) 
n=757 
M, <40y 
 
  7.71% 
(6.65%-
8.92%) 
n=2,127 
14.77% 
(11.00%-
19.56%) 
n=264 
  7.20% 
(5.22%-
9.85%) 
n=486 
21.67% 
(15.24%-
29.85%) 
n=120 
  6.82% 
(4.87%-
9.47%) 
n=469 
  5.02% 
(3.11%-
7.99%) 
n=319 
  3.41% 
(2.11%-
5.47%) 
n=469 
M, ≥40y 
 
  4.46% 
(3.63%-
5.47%) 
n=1,952 
  8.26% 
(5.78%-
11.68%) 
n=339 
  2.39% 
(1.40%-
4.05%) 
n=544 
14.29% 
(9.63%-
20.68%) 
n=154 
  4.14% 
(2.48%-
6.83%) 
n=338 
  2.95% 
(1.44%-
5.97%) 
n=237 
  0.88% 
(0.30%-
2.56%) 
n=340 
F, <40y 
 
  0.96% 
(0.69%-
1.33%) 
n=3,649 
  1.68% 
(0.86%-
3.29%) 
n=475 
  1.24% 
(0.66%-
2.35%) 
n=723 
  2.84% 
(1.50%-
5.31%) 
n=317 
  0.59% 
(0.27%-
1.28%) 
n=1,018 
  0.25% 
(0.01%-
1.42%) 
n=394 
  0.28% 
(0.08%-
1.00%) 
n=722 
F, ≥40y 
 
  0.39% 
(0.22%-
0.69%) 
n=3,055 
  0.69% 
(0.27%-
1.75%) 
n=582 
  0.35% 
(0.12%-
1.03%) 
n=850 
  1.43% 
(0.56%-
3.63%) 
n=279 
  0.00% 
(0.00%-
0.68%) 
n=559 
  0.27% 
(0.01%-
1.52%) 
n=368 
  0.00% 
(-.00%-
0.91%) 
n=417 
 
Prevalences of STE-ECGs (age- and sex- specific STEMI thresholds) stratified per ethnicity, 
sex and age group. 
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Table S6. Electrocardiographic locations of STE-ECGs stratified per ethnicity. 
ECG lead 
combination 
prevalence 
All 
 
N=10,783 
Afr. Sur. 
 
n=1,660 
Dutch 
 
n=2,603 
Ghan. 
 
n=870 
Moroc. 
 
n=2,384 
S.-Asian 
Sur. 
n=1,318 
Turkish 
 
n=1,948 
aVL&I 0.02% 0.00% 0.00%  0.23% 0.00%  0.00%  0.00% 
I&-aVR 0.03% 0.00%  0.00% 0.11% 0.04% 0.00% 0.05% 
-aVR&II 0.07% 0.24% 0.04% 0.11% 0.08% 0.00% 0.00% 
II&aVF 0.18% 0.30% 0.23% 0.23% 0.08%  0.15% 0.10% 
aVF&III  0.07% 0.06% 0.15% 0.00% 0.04% 0.08% 0.05% 
V1&V2 0.19% 0.42% 0.04% 0.80% 0.17% 0.00% 0.05%  
V2&V3 0.45% 0.66% 0.31% 2.07% 0.34% 0.30% 0.00% 
V3&V4 0.93% 1.99% 0.65% 3.45% 0.46% 0.46% 0.15% 
V4&V5 1.96% 3.31% 1.77% 4.71% 1.59% 1.21% 0.77% 
V5&V6 0.26% 0.48% 0.15% 0.46% 0.25% 0.30% 0.10% 
STE-ECG: One or more of above 
prevalence 
(95% CI) 
2.76% 
(2.47%-
3.09%) 
4.76% 
(3.84%-
5.89%) 
2.31% 
(1.79%-
2.96%) 
7.01% 
(5.50%-
8.90%) 
2.18% 
(1.67%-
2.85%) 
1.90% 
(1.29%-
2.79%) 
1.08% 
(0.71%-
1.64%) 
Involvement of lead V4 
 
% (95% CI) 
88.93% 
(84.86%- 
92.01%) 
89.87% 
(81.27%- 
94.78%) 
91.67% 
(81.93%- 
96.39%) 
91.80% 
(82.21%- 
96.45%) 
84.62% 
(72.48%- 
91.99%) 
84.00% 
(65.35%- 
93.60%) 
85.71% 
(65.36%- 
95.02%) 
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Figure S1. Migration history of the HELIUS ethnicities.
In the second half of the 20th century, descendants of West-African slaves (African Surinamese) and 
descendants of laborers from the Indian subcontinent (South-Asian Surinamese) migrated to the 
Netherlands. Dutch inhabitants of Turkish and Moroccan ethnic origin have a labor migration 
background and came in the sixties and seventies. Ghanaians migrated to the Netherlands in the 
eighties for multiple motives.
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N = 10,783
%
male female
age (years)
18-20
20-25
25-30
30-35
35-40
40-45
45-50
50-55
55-60
60-65
65-70
70-75
5 150510 015 10
Figure S2. Population pyramid.
Age distribution separated by sex. Note the relatively high prevalence of younger subjects. Suriname is a former colony of the 
Netherlands. In the second half of the 20th century, descendants of West-African slaves (African Surinamese) and descendants 
of laborers from the Indian subcontinent (South-Asian Surinamese) migrated to the Netherlands.  
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Figure S3. J-point amplitude of lead V4.
A: Boxplots of the J-point amplitudes of the 12 ECG leads in the apparently healthy population (N=10,783). B: Age and sex 
based subgroup with the highest STE-ECG prevalence (7.71%): males aged younger than 40 (n=2,127). C: Age and sex based 
subgroup with the lowest STE-ECG prevalence (0.39%): females 40 years or older (n=3055). The green line represents the 
current STEMI threshold. Ethnicities are ranked from the highest STE-ECG prevalence (left) to the lowest (right). Afr. 
Sur.=African Surinamese; F=female; Ghan.=Ghanaian; Jp=J-point; M=male; Moroc.=Moroccan; S.-Asian Sur.=South-Asian 
Surinamese; Turk.=Turkish ethnicity; y=years old.Dow
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